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(57) ABSTRACT 

Disclosed is a floating gate of a flash memory device, wherein 
a tunneling oxide layer is formed on a semiconductor Sub 
strate, and a floating gate is formed in the shape of a lens 
having a convex top surface. 
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FLOATING GATE OF FLASH MEMORY 
DEVICE AND METHOD OF FORMING THE 

SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a floating gate and a 

method of forming the same. 
2. Description of the Related Art 
A flash memory is a kind of nonvolatile memory. Applica 

tions of the flash memory have been extended, and a chip 
integration density of the flash memory has also been 
improved. 

Products in which a flash memory is embedded in a general 
logic have been applied in various fields. Accordingly, it is a 
problem to reduce manufacturing costs and power consump 
tion. 

To reduce manufacturing costs, a chip size must be reduced 
and a process must be simplified. However, the chip size has 
been currently reduced down to 0.10 um with the rapid devel 
opment of a photo process in accordance with a design rule. 

Further, production costs can be reduced not only by sim 
plifying a process but also by eliminating a process in which 
failure may occur in view of a yield. 

Meanwhile, in a design of a flash memory device, a floating 
gate requires high capacitance for the purpose of coupling a 
higher floating gate Voltage from a control gate. 
As a method for obtaining high capacitance as described 

above, there are methods of increasing an overlap between 
floating and control gates, utilizing a material with an inter 
layer dielectric constant, reducing the thickness of an inter 
layer dielectric layer, and the like. 
The method of utilizing a material with an interlayer 

dielectric constant or reducing the thickness of an interlayer 
dielectric layer has a disadvantage in that a leakage current is 
large. 

Therefore, the method of increasing an overlap between 
floating and control gates is mainly used to obtain high 
capacitance. However, the method of increasing an overlap 
ping area has a disadvantage in that a cell area is increased. 
As a method for solving these disadvantages, there is a 

method of increasing an overlapping area of a sidewall rather 
than that of a plan, which causes many problems in view of 
planarization. 
One of such area increasing methods is a method of allow 

ing the shape of a floating gate to be uneven. 
That is, there is a method in which a floating gate is prima 

rily formed, and a mask process is then performed Such that 
the interior of the floating gate is removed by a predetermined 
thickness, thereby allowing the shape of the floating gate to be 
UV. 

In this case, the capacitance of a floating gate is increased 
in accordance with the increase of an area due to unevenness, 
and thus the coupling ratio of a flash memory is increased. 

However, there is a problem in that a mask process must be 
performed twice in Such a method, i.e., a process is compli 
cated and manufacturing costs are increased. 

SUMMARY OF THE INVENTION 

The present invention has been made to solve the above 
mentioned problem(s), and it is an object of the present inven 
tion to provide a floating gate of a flash memory device and a 
method of forming the same, wherein the area of the floating 
gate is extended, and a coupling ratio is increased. 
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2 
According to one aspect of the present invention, there is 

provided a floating gate of a flash memory device, wherein a 
tunneling oxide layer is formed on a semiconductor Substrate, 
and a floating gate is formed in the shape of a lens having a 
convex top Surface. 

According to another aspect of the present invention, there 
is provided a method of forming a floating gate in a flash 
memory device, which includes the steps of forming a tun 
neling oxide layer on a semiconductor Substrate; forming a 
conductive layer on the tunneling oxide layer, coating a pho 
toresist layer on the conductive layer and then selectively 
patterning the photoresist layer, thereby defining a floating 
gate area; selectively removing the conductive layer by a 
predetermined thickness from a top surface of the conductive 
layer by using the patterned photoresist layer as a mask: 
performing a thermal process with respect to the photoresist 
layer, thereby, reflowing the photoresist layer with the shape 
of a lens having a convex top Surface; and simultaneously 
etching the photoresist layer Subjected to reflowing and the 
conductive layer, thereby forming a floating gate with the 
shape of a lens having a convex top surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view showing a floating gate of a flash 
memory device according to the present invention; and 

FIGS. 2A to 2E are sectional views illustrating a process of 
forming a floating gate in a flash memory device according to 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, a floating gate of a flash memory device and a 
method of forming the same according to the present inven 
tion will be described in detail with reference to the accom 
panying drawings. 

FIG. 1 is a sectional view showing a floating gate of a flash 
memory device according to the present invention. 
As shown in FIG. 1, a tunneling oxide layer 102 is formed 

on a semiconductor Substrate 101, and a floating gate is 
formed in the shape of a lens having a convex top surface. 

FIGS. 2A to 2E are sectional views illustrating a process of 
forming a floating gate in a flash memory device according to 
the present invention. 
As shown in FIG. 2A, a tunneling oxide layer 102 is formed 

in a thickness of 80 to 120 A on a semiconductor substrate 
101, and a poly-silicon layer 103 is formed in a thickness of 
900 to 1100 A on the tunneling oxide layer 102. 

Here, the poly-silicon 103 may be formed by allowing the 
thickness of the poly-silicon layer 103 to be adjusted depend 
ing on etching selectivity with a photoresist layer to be coated 
later. 
As shown in FIG. 2B, a photoresist layer 104 is coated on 

an entire surface of the semiconductor substrate 101 having 
the poly-silicon layer 103, and the photoresist layer 104 is 
selectively patterned through an exposure and development 
process, thereby defining a floating gate area. 

Here, after the photoresist layer 104 has been coated, an 
antireflective coating (not shown) may be formed in a thick 
ness of about 600 A. 

Meanwhile, in a method of coating the photoresist layer 
104, there are methods of spin coat, spray coat, dip coat and 
the like. However, the spin coat performed while chucking 
and rotating a wafer at a high speed under a vacuum atmo 
sphere is advantageous to stability and uniformity. 

Then, a photo mask (not shown) corresponding to a desired 
pattern is positioned on the photoresist layer 104, and a pho 
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toresist pattern is then formed to have a desired size through 
exposure and development processes. 

Here, the development process is performed through depo 
sition or spraying. In the former, it is difficult to manage a 
temperature, a density, a change in time and the like, while, in 
the latter, it is relatively easy to manage. Currently, an appa 
ratus Subjected to in-line through a spraying scheme has been 
widely used. 
As shown in FIG. 2C, the poly-silicon layer 103 is selec 

tively removed by a predetermined thickness from a top sur 
face thereof by using the patterned photoresist layer 104 as a 
mask. 

Here, the thickness of the poly-silicon layer 103 removed 
by the predetermined thickness is about /2 of the original 
thickness of the poly-silicon layer 103. 
As shown in FIG. 2D, a thermal process is performed with 

respect to the photoresist layer 104 such that the photoresist 
layer 104 is subjected to reflowing, thereby forming a photo 
resist layer 104a with the shape of a lens having a convex top 
Surface. 
As shown in FIG.2E, the photoresist layer 104 subjected to 

reflowing and the residual poly-silicon layer 103 are simul 
taneously etched at etching selectivity of 1:1, thereby forming 
a floating gate 105 with the shape of a lens having a convex 
top surface. 

Subsequently, after the floating gate 105 has been formed, 
the residual photoresist layer 104 and impurities are removed, 
and a washing process is performed. 
As described above, a floating gate of a flash memory 

device and a method of forming the same according to the 
present invention have advantages as follows. 

That is, a floating gate is formed in the shape of a lens 
having a convex top surface through a simple process, so that 
the area of the floating gate can be extended, and a coupling 
ratio can be increased. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made in the present 
invention. Thus, it is intended that the present invention cov 
ers the modifications and variations thereof within the scope 
of the appended claims. 
What is claimed is: 
1. A method of forming a floating gate in a flash memory 

device, the method comprising the steps of: 
forming a tunneling oxide layer on a semiconductor Sub 

Strate; 
forming a conductive layer on the tunneling oxide layer, 
coating a photoresist layer on the conductive layer and then 

Selectively patterning the photoresist layer, thereby 
defining a floating gate area; 

Selectively removing a predetermined thickness of a top 
Surface of the conductive layer using the patterned pho 
toresist layer as a mask: 

reflowing the photoresist layer into a lens shape having a 
convex top Surface; 

simultaneously etching the reflowed photoresist layer and 
the conductive layer, thereby forming a floating gate 
with a convex top Surface; 
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4 
forming a gate oxide on the floating gate; and 
forming a concave control gate on the gate oxide. 
2. The method of claim 1, wherein the reflowed photoresist 

layer and the conductive layer are etched at an etching selec 
tivity of 1:1. 

3. The method of claim 2, wherein the photoresist layer is 
reflowed at 200 to 300° C. 

4. The method of claim3, comprising allowing a thickness 
of the conductive layer to be adjusted depending on an etch 
ing selectivity of the photoresist layer and the conductive 
layer. 

5. A method of forming a floating gate in a flash memory 
device, the method comprising the steps of: 

forming a tunnel oxide layer on a semiconductor Substrate; 
forming a conductive layer on the tunnel oxide layer, 
patterning a photoresist layer on the conductive layer, 

thereby defining a floating gate area; 
selectively removing less than an entire thickness of the 

conductive layer using the patterned photoresist layer as 
a mask: 

reflowing the photoresist layer sufficiently to provide the 
photoresist layer with a convex top surface; 

substantially non-selectively etching the reflowed photo 
resist layer and the conductive layer, thereby forming a 
floating gate with a convex top Surface; 

forming a gate oxide on the floating gate; and 
forming a concave control gate on the gate oxide. 
6. The method of claim 5, wherein the reflowed photoresist 

layer and the conductive layer are etched at an etching selec 
tivity of about 1:1. 

7. The method of claim 5, wherein the photoresist layer is 
reflowed at 200 to 300° C. 

8. The method of claim 5, whereinforming the gate oxide 
comprises thermal oxidation of the floating gate or chemical 
vapor deposition of a silicon oxide on the floating gate. 

9. The method of claim 5, whereinforming the control gate 
comprises depositing a silicon layer on the gate oxide, pat 
terning a second photoresist on the silicon layer, and etching 
the silicon layer using the patterned second photoresist as a 
mask. 

10. The method of claim 9, wherein the patterned second 
photoresist has a width greater than that of the gate oxide and 
floating gate taken together. 

11. The method of claim 1, whereinforming the gate oxide 
comprises thermal oxidation of the floating gate or chemical 
vapor deposition of a silicon oxide on the floating gate. 

12. The method of claim 1, wherein forming the control 
gate comprises depositing a silicon layer on the gate oxide, 
patterning a second photoresist on the silicon layer, and etch 
ing the silicon layer using the patterned second photoresistas 
a mask. 

13. The method of claim 12, wherein the patterned second 
photoresist has a width greater than that of the gate oxide and 
floating gate taken together. 
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